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AN ANALYTICAL METHOD FOR DETECTING BLOWN-OUT SHOTS 
IN COAL MINES. 


By G. F. Hurcutson anp JacosB Baras. 


INTRODUCTION. 


A blown-out shot is the term applied by coal miners to a shot in 
which the explosive brings down no coal, the main force being ex- 
pended on the air of the mine. Such shots result from improper 
placing or charging of the bore hole and are most common in 
shooting off the solid. They are dangerous and are to be avoided.* 
The danger lies in the possible ignition of fire damp or dust particles 
by the flame that shoots from the bore hole. Blown-out shots have 
caused many serious explosions in gaseous or dusty mines. 

In the investigation of coal-mine explosions it is often important 
to ascertain whether there was a blown-out shot and if so whether 
black powder or a high explosive was used. To determine this, 
samples scraped from bore holes and from the sides of powder boxes 
have frequently been submitted to the explosives laboratory of the 
Bureau of Mines by the mining engineers in their study of mine 
explosions to be analyzed for solid products of combustion of explo- 
sives. Because of the scanty knowledge then at hand it was impossi- 
ble to determine by any simple method of analysis whether the soluble 
matter found in the coal came from an explosive or to interpret 
satisfactorily the results obtained. Therefore an investigation of the 
- solid products obtained from bore holes from both black powder and 
permissible explosives under definite known conditions approximat- 
ing those in mizes was made at the explosives chemical laboratory of 
the Bureau of Mines in Pittsburgh, Pa., in order to devise, if possible, 
a simple method of analyzing the solid products of explosions so 
as to obtain the desired information. This paper presents an account 
of the investigation. 
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a Rutledge, J. J., Use and misuse of explosives in coal mining: Miners’ Circular 7, Bureau of Mines, 1913, 
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PROCEDURE. 
EXPLOSIVES USED. 


The solid products of combustion obtained would depend on the 
type of explosive used, the method of priming, and the manner of 
charging the hole, that is, with or without stemming. 

Six different explosives were used in the first set of tests—one a 
black powder, the other five selected from each class of the explosives 
on the permissible list.¢ The analysis of the black blasting powder 
(B-2078) is as follows: 


Analysis of B-2078, black blasting powder. 


Per cent. 

Maisiare.c nh sesiicons so jovedcs States ceees 2 2ahE sea ag ee eRe eS 0.3 
HOGI MURS Aas ence Sane Side ESE eek enoe esate d Bae Blas Gets 72.3 
Gulnbnitis: vo sscecutesdccosph wate ces cbs nes skatec seems back 12.0 
CHarcoal -xu.cSssas tensa cunts aes tees ast sewos pedeatasousne 15. 2 
100.0 


As the Bureau of Mines does not publish the analysis of permissi- 
ble explosives, only the approximate composition of these can be 
given. 

D-2050 is an explosive of class la. It contains ammonium nitrate 
and sodium nitrate in the proportion of about 8 to 1. Nitroglycerin, 
carbonaceous combustible material, and calcium carbonate are also 
present. - 

M-2061 is an explosive of class 1b. Its chief ingredients are am- 
monium nitrate and sodium chloride in the proportion of about 7 to 1. 
Trinitrotoluene and small porportions of zinc oxide and carbonaceous 
combustible material are also present. 

D-2062 is an explosive of class 2. It contains potassiam nitrate, 
ammonium sulphate, and ammonia alum in about equal proportions, 
also nitroglycerin, carbonaceous combustible material, and clay. 

M-2028, an explosive of class 3, contsins about 32 per cent of 
ammonium nitrate, 8 per cent of sodium nitrate and 28 per cent of 
dolomite. The content of carbonaceous combustible material is low. 

D-1972, an explosive of class 4, has more carbonaceous combustible 
material than any of the other permissible explosives used in these 
shots. It also contains nitroglycerin and sodium nitrate. 


a Yor the classification of permissible explosives, see Fay, A. H., Production of explosivesin 1918, Tech, 
Paper 231, Bureau of Mines, 1919, p. 15. 


Google 


METHOD OF SAMPLING. 5 
METHOD OF PRIMING. 


Shots of black powder were primed with igniters, but in firing the 
permissibles one charge of each was primed with a ‘No. 6 electric 
detonator and one with an igniter and half a gram of guncotton. The 
purpose of the latter method was to cause the explosive simply to 
burn, thus simulating the condition when too weak a detonator is 
used and an incomplete detonation results. 

Stemming was not used in the shots primed with an igniter and 

‘guncotton. In all other charges stemming was used and it was well 
tamped. The shots and shot-firing arrangements were planned and 
made by explosives engineers and mining engineers of the bureau. 

Twelve bore holes were used in the first set of tests. All the holes 
were drilled in the face of room 4, off the first butt, off the main air 
course at the experimental mine of the Bureau of Mines at Bruceton, 
Pa. The face of the room at the time of these shots was well squared 
up. All the holes were drilled into the solid without undercutting, so 
that no coal would be brought down and ‘‘blown-out”’ shots would 
result. 

For the sake of uniformity it was thought best to take such a 
quantity of each explosive that each charge would have the same 
explosive strength. Accordingly, the quantity of powder used in 
each shot was the unit deflective charge for that particular powder 
with the exception of the black-powder shot in hole No. 12, in which 
twice that amount was fired.¢ 


METHOD OF SAMPLING. 


_ In drilling the holes all the coal drilled from two of them was kept 
for comparison with the scrapings from the holes after the shots. 

After the shots were fired and the gas cleared out of the mine, all 
the loose material at the collar of each hole was removed as one 
sample. Then another sample was taken from the remainder of the 
hole and the hole scraped through its entire length. This method of 
taking two samples from each hole was followed only in the first set 
of tests. For reasons which will be set forth later it was thought 
advisable to combine all the scrapings from a single hole into one 
sample. 

The details of firing and sampling are summarized in Table1. The 
key numbers in the first column are those assigned to each sample 
of scrapings while those in the fourth column show which explosive 
was fired in each hole and refer to the descriptions already given. 


@ The unit deflective charge is that weight of explosive which will produce a swing of the ballistic pen- 
dulum exactly equal to that effected by a half-pound charge of ‘‘standard’’ 40 per cent dynamite. See Hall, 
Clarence, Snelling, W. O., and Howell, S. P., Investigations of explosives used in coal mines; Bulletin 
15, Bureau of Mines, 1912, p. 79. 
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METHOD FOR DETECTING BLOWN-OUT SHOTS IN COAL MINES, 


TABLE 1.—-Key data and physical eramination of sample. 


Stem- 

ming 

used, 
inches. 


Sam- | Through 
ple | &mes 

taken,] sieve, 

grams.| grams, 


Examination of hole after 
firing and remarks. 


Powder 
Key | From! 
setae hole | Section of hole. ne ged ne 
ber. | No. hole. 
1 2 
2098 1 
2099 8 
2100 1 
D-1972 | E. D.b. 2.2... 
2101 1 | Backe.s..J5 <0: 
2102 2) | ‘Collar 5: 325333% 
2103 2| Blocking hole 
2 feet 6], B-2078 | Igniter....... 
inches from 
collar. 
2104 2| Baek.......... 
2105 $i] Collar. .2..055 
D-1972 | Igniter and 
2106 SUaee: os 5k guncotton. 
2107 4| Collar......... 
2108 4 Backs. 22255224 M~-2028 | E. D.b._ 2... 
2109 5 | Collar......... 
M-2028 | Igniter and 
guncotton. 
2110 5 | Back.....2.... 
2111 6 | Collar......... 
D-2050 | FE. D.0.. 2.22. 
2112 6 | Back.......... 
2113 7i| Collar. ce si can 
D-2050 | Igniter and 
2il4 7 | Back.......... guncotton, 
2115 8 | Collar......... 
J a) LR ee 
2116 8 ok. : 
2117 9 
M-2061 | Igniter and 
guncotton. 
2118 9] Back.........- 
2119 10) |'Collar.<.3.<..: 
D-2062 | Igniter and 
guncotton, 
2120 10))"Back..2.. 2.00% 
2121 11 | Collatic< ss03, 
D-2062 | E. D.b....... 
2122 a2) Batkictass cacy 


« Entire drillings of hole. 
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11 


None. 


None. 


None. 


None. 
None. 


53 
d 


273 231 
67 43 


330 200 
lb 84 


645 325 
146 39 


400 18 


| 31 81 
| 3l 

93 59 
4l 


. 58 


84 45 
436 244 


l 


7 8 9 
.| 3,053 2, 248 
-| 2,873 | 2) soz ; 

83 40 | Shot broke 3° inches off 
collar of hole and 
caused a vertical crack 
on face 1 foot above and 
1 foot below. 

430 233 | Much fines—diffieult to 
scrape, 

28 18 | A part of the stemming 


found in place. 


Charred paper found in 
back of hole. 


Back of hole seemingly 
much shattered. Much 
fines and many small 
lumps found, 

2 inches of explosive was 
found in bottom of hole 
with some charred 
paper. 


Back of hole was shat- 
tered, and produced 
considerable fines. 


5 inches of explosive was 
found in bottom of hole 
alter shot. 

Little material found in 
hole after shot, except 
unexploded powder. 

Baek of hole shattered 
considerably and a 
crack extended to the 
face. 


After the shot explosive 
particles were observed 
along the bottom ol 
the bore hole, but none 
could be found at the 
back of the bore hole. 


After shot, 1 foot of col- 
lar gone, and trans- 
verse cracks formed 1 
foot from back and at 
back. _ Cracks prob- 
ably due to shot in 
hole No. 12, next to it 
and fired at same time. 

Hole after shot felt soft 
at back, possibly paper 
from cartridge or suine 
explosive. 

Back of hole consider- 
ably shattered by shot 
and 3 inches of collar 
blown off. 

Large amount of fines in 
back portion of hole 
alter shot. 


E. D,—electric detonator. 
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METHODS OF EXAMINATION AND ANALYSIS. 7 


TABLE 1.—Key data and physical examination of sum pie.— Continued. 


| | | 
Powder | Stem- | Sam- | Through) 


Key | From 4 . ’ ‘ 
a fired Device used | ming ple | &mesh | Examination of hole after 
ae pole Section of hole. in for firing. used, |taken,| sieve, firing and remarks. 
. ‘ hole, inches. ea grams. 
j- | 
1 2 3 4 6 7 8 | 9 
2123 12| Scrapings | B-2078 | Igniter...... x] 251 57 | About 2 fect blown off 


collar of hole. On the 
face, a t-inch crack 
extended through the 
hole from the draw 
slate to 2 feet below 
hole. In order to get 
scrapings considerable 
coal had to be picked 
away from the collar 
to a point where the 
crack was not. wide 
enough to catch too 
much of sample. 


from entire 
length = of 
hole. 


METHOD OF EXAMINATION AND ANALYSIS. 


Each sample was removed from its container, weighed, and care- 
fully observed with respect to paper, free powder, odor, and any 
other properties which could be noted. The sample was then sifted 
on an eight-mesh sieve. Large particles remaining on the sieve 
were well dusted with a camel’s-hair brush, so that any powder 
residue adhering might pass through. The part that passed through the 
sieve was also weighed, and only this latter part was used for analysis. 

Convenient portions of each sample up to 100 grams were weighed 
out, placed in 400-c.c. beakers, and covered with about 250 c.c. of 
cold distilled water. The samples were stirred well and allowed to 
stand for about one hour. Then they were filtered into 500-c.c. 
graduated flasks and the coal washed with cold distilled water until 
the flask was filled to the mark. 

The solutions were tested with litmus paper to determine whether 
acid, alkaline, or neutral. Qualitative tests were made for sulphate, 
thiosulphate, sulphite, sulphide, carbonate, chloride, ammonia, 
nitrate, calcium, and cyanide. Where these tests indicated appre- 
ciable quantities, a quantitative determination was made by taking 
an aliquot part of the solution and proceeding in the usual manner. 

Sulphate was determined gravimetrically by precipitation as 
barium sulphate, and sulphite and thiosulphate together were deter- 
mined in like manner after oxidation with bromine water. No sul- 
phide could be detected in any of these or the subsequent samples. 
Chlorine was determined gravimetrically as silver chloride, and cya- 
nide, in the absence of chlorine, as silver cyanide. Carbonates were 
determined by titration with standard sulphuric acid and methyl 
orange indicator, ammonia by distillation into standard acid, ni- 
trates either by precipitation with nitron or in the nitrometer, 
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OBSERVATIONS ON TABLE 2. 9 


In addition to these determinations the total water-soluble con- 
stituents of each solution was determined by evaporating 100 c.c. 
to dryness in a platinum dish on a water bath and drying for about 
three hours in an oven at 105°C. After cooling and weighing, the dish 
and contents were ignited to incipient redness over a free flame, 
cooled in a desiccator, and again weighed, All results were calcu- 
lated on a percentage basis. 

In many samples the manner in which the basic and acid radicals 
were combined was uncertain; for instance, whether nitrate was 
present as sodium or ammonium nitrate. Therefore sulphate is 
expressed as SO,, sulphite and thiosulphite (together) as SO,, etc., 
as seen in the tables. 

The analytical results are shown in Table 2, grouped according to 
the method of firing, as general conclusions regarding this first lot of 
samples will be drawn. 


OBSERVATIONS ON TABLE 2. 


1. Appreciable quantities of sulphates are to be expected in the 
residues of the holes from the black-powder shots. Except for the 
sample from the collar of the hole, the results sustain this expectation. 
The amount of evaporated residue should be fairly high and with 
the same exception this is likewise true. Both of these values should 
be considerably higher than for the residue from the detonating 
explosives, which, in general, is also true. 

2. The detonating explosives primed with an igniter and gun- 
cotton did not explode completely; consequently they left consider- 
able residue and should yield enough of the original powder or resi- 
dues from it to enable one to identify the type of powder used. 

To some extent the above observations could be made by carcful 
inspection of the table. However, the analysis of the samples from 
the differertt parts of the same hole, instead of throwing light on the 
matter, seemed to confuse the results so that definite conclusions 
were difficult to draw. On further consideration, therefore, the calcu- 
lation of the results on the basis of an average sample from the entire 
hole seemed advisable. 

Aspecific example will best illustrate the method of making these cal- 
culations. Average sample from hole No. 3 included 2105 and 2106. 
2105 contained 25 grams which passed through 8-mesh sieve. 

2106 do 71 grams do do do do do 


Total, 96 grams do do do do do 
2105 contained 12.028 grams evaporated residue dried at 105°. 
2106 do 20.886 grams do do do do do 


25 
5g X12.028= 3.194 grams 


7 <20.886= 15.449 grams 
18. 643 grams=evaporated residue per 100 grams of average 
sample from entire hole. 
Table 3 contains results of analysis based on an average sample of 
100 grams for the entire hole. 
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METHOD FOR DETECTING BLOWN-OUT SHOTS IN COAL MINES. 1] 
OBSERVATIONS ON TABLE 3. 


1. The question as to whether any explosive has been fired in a 
drill hole can be answered at once by means of the total water-soluble 
content. All scrapings show proportions of water-soluble matter 
appreciably greater than those of the coal samples. 

2. The two holes in which black powder was fired gave scrapings 
higher in sulphate and salts of the lower acids of sulphur than the 
detonated shots and are thus distinguished from them. One of the 
detonated shots (hole No. 11) gave nearly as much sulphate as the 
black powder shot in hole No, 2. However, the ingredients of this 
powder (D-2062, p. 4) included about 33 per cent of ammonium 
sulphate and ammonia alum. 

No sulphide could be detected in any of the samples from holes 
No. 2 and No. 12 or other subsequent samples containing black- 
powder residue, though this is generally regarded as one of the chief 
products of combustion of black powder. Sulphur of lower oxidation 
than the sulphate was found, however, and consisted of thioswlphate 
and sulphite. As no attempt was made to determine these separately 
in most of the samples, the two were reported together as SO,. In 
one sample a quantitative determination of each was made and it 
was found that about one-fourth of the SO, came from sulphite and 
three-fourths from thiosulphate. Nobel and Abel,* who analyzed the 
solid products of combustion of black powder from a great many 
shots under varying pressures, found that in all samples thiosulphate 
was present. In shots fired under high pressure they found thio- 
sulphate low and sulphide high. Low pressure gave residues high in 
thiosulphate and low in sulphide and a few residues containing no 
sulphide at all. The sulphate content of the residues varied little 
with the pressure. 

The work of Nobel and Abel is mentioned to show that the absence 
of sulphides in the solid products of explosion of black powder has 
been observed before. Nobel and Abel worked with potassium 
nitrate powders containing 73.55 to 75.30 per cent potassium 
nitrate. As modern blasting powder contains about the same 
proportion of sodium nitrate, which has about 9 per cent 
more oxygen than potassium nitrate, the authors believe this 
condition is easily accounted for. They are unable to cite any 
extensive work on the solid products of combustion of sodium 
nitrate powders. 

The thiosulphate reported by Nobel and Abel probably con- 
tained some sulphite as they determined it by simply titrating with 
iodine. As noted above these two salts were determined separately 
in one of the samples in the tests described. The method depends 


@ Nobel, Andrew, and Abel, F. A., Researches on explosives, fired gunpowder: Philos. Trans. Roy. 
Boc., vol. 165, 1875, pp. 49-155. 
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on their different reactions with iodine as seen from the following 
equations: 

2 Na.S,0,+1,=2 Na I+Na,S,0, 

Na,SO, +I, + H,O = Na,SO, +2 HI 


An aliquot part of the solution was first neutralized and then titrated 
with iodine which oxidized both the sulphite and thiosulphate. 
Then the hydriodie acid resulting from the action of the iodine on 
the sulphite was titrated with standard alkali after the addition of 
a few drops of phenolphthalein solution. 

The presence of salts of lower oxidation than sulphate is important 
in distinguishing holes in which black powder was fired from those 
in which a permissible explosive containing a sulphate was fired (for 
example, hole 2 from hole 11, Table 3). No sulphite or thiosulphate 
has been found in residues from permissible explosives containing 
sulphate and it is not believed that such a reduction would take 
place. Assulphite and thiosulphate are distinguishing characteristics 
of the residues from black powder both in Table 3 and in Table 4 
following, the presence of these salts proves conclusively that the resi- 
due is from black powder. 

3. In general the total water-soluble matter from the detonated 
shots is much lower than that from the black-powder shots. In the 
single sample (hole No. 1), the evaporated residue of which approaches 
closely that of the lowest black powder (hole No. 2), the solution was 
somewhat turbid, probably caused by clay used as stemming. The 
evaporated residues also serve to distinguish this group from the 
first containing no residues from explosives, because the lowest residue 
of the former is about three times that of sample 2098. 

4. The incompletely detonated shots can be identified at once by 
the presence of larger amounts of water-soluble matter than any of 
the preceding groups, owing to the fact that the solid products of 
combustion were not scattered by the shot, and by the presence of 
nitrate and, where ammonia dynamites were used, appreciable 
quantities of ammonia, both of which would be completely decom- 
posed by detonation. 

Further examination of these figures and comparison with the 
powders used discloses some interesting facts. 

(a) Scrapings from hole No. 3 contained a large quantity of water- 
soluble matter, mostly sodium carbonate which lost very little weight 
on ignition. There being no ammonia, this can only correspond to 
D-1972, which has a large per cent of carbonaceous combustible 
material. 

(6) Scrapings from hole No. 5 gave much water-soluble matter and 
contained ammonia and nitrate, together with a fair amount of 
carbonate. Of the four powders containing ammonium nitrate 
M-2028 is the only one to which this could correspond. It has low 
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sulphate and no chloride; this eliminates M-2061 and D-2062. The 
loss on ignition is only one-fifth the total weight of the water-soluble, 
hence it could not be D-2050, 76 per cent of which is ammonium 
nitrate. 

(c) Scrapings from hole No. 7, on the other hand, had an evaporated 
residue which lost about four-fifths of its weight on ignition. This 
fact, together with absence of chloride, low sulphate, and low car- 
bonate, makes it correspond with D-2050 and no other. 

(d) The residue of the scrapings from hole No. 9 contains enough 
chloride to establish that M—2061 was burned in it, which is further 
confirmed by the presence of some ammonia and the ratio of the loss 
on ignition to the total evaporated residue. 

(e) The considerable sulphate and ammonia content of the residue 
of the scrapings from hole No. 11 clearly identifies D-2062 as the 
powder fired. 

The conclusion from these observations was that by this method 
the following determinations could be made: 

1. Whether or not a blown-out shot had occurred. 

2. Whether the explosive detonated completely or not. 

3. The nature of the explosive used if an incomplete detonation 
occurred. 

By this last statement it is not meant that any explosive on the 
permissible list could be identified by examining its products of com- 
bustion. But of two or three explosives known to have been used in 
a certain mine, the analysis of the scrapings should generally tell 
which had been fired if the detonation was not complete. 


TESTS OF THE METHOD. 


Accordingly a number of unknown samples were submitted to try 
out the practicability of the method. The only information regard- 
ing these samples was that each one represented the entire scrapings 
from one hole and that the explosives that might have been used were 
black blasting powder, D-2050, D-2058, D-2064 and D-2215. Also 
two samples (assigned the numbers 2142 and 2230) were known to be 
nothing but coal and were to be used in comparison. 

Below are descriptions of permissible explosives not previously 
given: 

D-2058 has a large percentage of carbonaceous combustible 
material, and is almost identical with D-1972, previously described. 

D-2064 resembles M-2061 except that it contains nitroglycerin 
instead of trinitrotoluene. This difference would not affect the solid 
products of combustion. 

D-2215 contains ammonium nitrate, sodium nitrate, and gypsum. 

Seventeen samples were submitted and analyzed. The analyses 
are given in Table 4. 
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METHOD FOR DETECTING BLOWN-OUT SHOTS IN COAL MINES. 15 
OBSERVATIONS ON TABLE 4. 


1. From a study of the analyses in this table the following samples 
were reported to contain solid products of explosion of black blasting 
powder: 2139, 2141, 2144, 2145, 2152, 2233, and 2234, This conclu- 
sion was reached, first, because they all contained sulphite and 
thiosulphate (calculated as SO,), and, second, because the other 
water-soluble salts were of the same character (sulphate and carbo- 
nate) and in about the same quantity as the known black powder 
residues in Table 3, holes No. 2 and No. 12. 

2. Samples 2142 and 2230 were the coal samples known to be free 
from explosive residues and from its unalysis 2146 was concluded to 
be the same. 

3. Samples 2147, 2151, 2231, and 2232 all have a similar analysis. 
Sulphite (or thiosulphate) nitrate aud ammonia are absent, which 
indicates that the water-soluble matter extracted did not come from 
the explosion of black powder or of an incompletely detonated high 
explosive. The amount of the soluble matter shows that the sam- 
ples are not coal drillings, as the soluble matter in all four samples 
is several times that obtained from 2142, the coal sample. The 
same is true of the carbonate content. These residues were therefore 
reported to have come from drill holes in which a high explosive 
completely detonated. 

4. Samples 2148, 2150, and 2153 contain much water-soluble 
material. This could not have come from black powder, for sul- 
phites are absent and the sulphate content is low. The presence of 
appreciable quantities of nitrate in all three of these samples. estab- 
lishes the fact of incomplete detonation. 

D-2050, D-2058, D--2064, and D-2215 might have been used to 
fire these holes, and reference was made to the description of these 
powders given above (p. 13), to determine which powder was used 
in each firing. 

From the large quantity of chloride and ammonia present, 2148 
must have come from a hole in which the powder D-2064 was incom- 
pletely detonated. 

The powder D-2058 was assigned to sample 2150 because no am- 
monia was found in the water extract. Burning of a powder like 
D-2058 would also give a high carbonate and some cyanide, which 
was true of this sample. Of the known samples, that from hole 
No. 3 came from this type of permissible explosive and gave a similar 
analysis. 

Absence of ammonia also indicated that burning of the same 
powder, D-2058, had produced the residue found in 2153. The con- 
stituents found are the same, although in much smaller proportion. 
This discrepancy could not be accounted for except by some irregu- 
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larity in sampling or by a partial detonation blowing away some of 
the products. 

When these samples had been reported the key cards describing the 
methods of charging and firing the shots were received for comparison. 
In every case except one (2153) the report made was correct, as will 
be seen from the data tabulated in Table 5. 


TaBLE 5.— Key card data on unknown samples. 


Key 
num- ee Method of firing. Stemming used. Remarks. 


ber. 


2140 None. |... deprasseadsaesswene a easieandacciemags sn cea ae a sess an Sent to fuels laboratory. 
2142 a fear SE pa ieee secs Mitoee ick Siete | Official coal sample. 
2143 ‘ ; eer, riridgenphale Gust;---- | Sent to fuels laboratory. 


tor 
aed and guncotton. . LD INOnets <a tae ..| Explosive found in hole. 
lectric detonator...... : Lond do shale dust....... | Sent to fuels laboratory, 
2150 | D-2058 Heir and avenged 
5 tric detonator... 


2152 | B-2078 iter eisheae ae Poe ew 

2153 | D-2058 

2230 NOHO. [Xoeut es cogess ibamet ced < Official coal sample. 

2231 D-2215 4 

2232} D-2215 ]..... co) Rlew off 8 inches of collar. 
2233 | B-2078 | Igniter... Blew otf 10 inches of collar. 
2234 | B-2078 |..... do.. 


Sample 2153 was reported to be from powder D-2058, incomplete 
detonation. The powder in this hole was primed with an electric 
detonator and should have given a complete detonation. It is 
evident from the analysis that the explosion was not complete, 
perhaps because of a defective detonator. The partial detonation 
probably blew out of the hole more of the products than a simple 
burning caused by an igniter and guncotton would have done. This 
accounts for the difference in the analysis of 2150 and 2153. Thus 
the report on this one sample, apparently incorrect, tends to show 
the utility of this method of detection in actual working condi- 
tions, when a weak detonator causes trouble, as well as in the 
artificial method of burning the powder with an igniter and gun- 
cotton. 

Samples 2140, 2143, and 2149 are not included in the analyses in 
Table 4. They were sent to the fuels laboratory for proximate 
analysis to see whether the determination of volatile matter would 
give any information as to the presence of explosive residues. The 
volatile matter in the samples was as follows® (moisture-free and 


ash-free basis). 
Volatile matter in residues from three coals. 


PIAD aris Gace sete tea kea vey Aas eee Star ace saree earns 39.09 per cent. 
PA SR Are ee ews Sere ie eee eee ee eee eh ees eee ec 40.55 per cent. 
IAG eo cac acheter she eee cas et Santo gimeavada reas gels 39.75 per cent. 


a Analyses by A. C. Fieldner, chemist, Bureau of Mines. 


Google 


OBJECTIONS TO THE METHOD. 1q 


A slight increase in the volatile matter is noted in two samples of 
coal which contained explosive residue, but it is not believed that 
the difference is great enough to be of any assistance. 


OBJECTIONS TO THE METHOD. 


Objection has been raised to this method on two grounds. First, 
that the large particles caught on the 8-mesh sieve may contain some 
of the explosive residue. Second, that the use of a percentage basis 
is not best because the calculation does not consider that varying 
amounts of coal will be scraped from the holes, so that some samples 
are diluted more than others. The proposed remedy for this was to 
calculate the results obtained to the total weight of sample taken 
from each hole rather than to grams per 100 grams of 8-mesh sample. 
This would give the total weight of residue in each hole. 

The reason for passing the samples through an 8-mesh sieve instead 
of grinding the entire sample was to get rid of the lumps of coal and 
thus enrich the sample. Dusting off the larger lumps with a camel’s- 
hair brush, it was believed, would remove any explosive products 
adhering to them.. Fo show that practically all of the residue was 
removed, the large particles from six samples after screening were 
ground in a mortar until they also passed the 8-mesh screen. Con- 
venient quantities were taken and analyzed in the manner described. 
The only sample containing an appreciable percentage of soluble 
matter was one from the burning of a permissible explosive without 
detonation. In this the products of combustion had formed large 
lumps that remained on the screen and caused the soluble matter in 
the large particles to run even higher than in the small. The fact 
that not all of the explosive products pass through has no influence 
on the result. Enough was obtained through the screen to establish 
clearly that the explosive did not detonate and to identify the explo- 
sive used. Hence it is of no importance if more than half of the 
burned residue remains on the screen. In samples containing 
residue from black powder or detonated explosive the amount of 
explosives products in the large particles was negligible. 

The second point, that calculation on a percentage basis is less 
accurate, is not sustained by close consideration. Obviously the 
same quantity of explosive is not used in every shot and a large 
quantity has a stronger tendency to blow out the solid products from 
the hole. On the other hand, its explosion would form more solid 
products of combustion. Whether the total quantity of residue 
Yound in the hole will vary directly with the quantity of explosive 
fired’ or inversely is uncertain. As this factor is apt to vary con- 
siderably it is thought that the calculation on a percentage basis is 
as good as the other, if the sampling is done in the manner described. 
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Attention is called to the fact that the method is not strictly 
quantitative. In the comments on the tables and in interpreting 
the results the semiquantitative results and the presence or absence 
of certain constituents were of much more value in identifying 
the samples than the precise analyses. 


DIRECTIONS FOR SAMPLING. 


The method of procedure if a bore hole suspected of having given 
a blown-out shot is found in a mine is as follows: 

1. Obtain a sample of drillings from a hole in the same coal bed 
as that in which there were blown-out shots and as close as practi- 
cable to them. 

2. Carefully remove any free powder or residue found in the hole 
of the blown-out shot, also any loose material around the collar, 
Then scrape or ream the hole through its entire length and combine 
all the residue and the scrapings from one hole into one sample, 
totalling at least half a pound. 

3. Seal and carefully label the container. 

If these directions for sampling are carefully followed, the authors 
believe that the method of examination and analysis herein described 
will give the desired information (p. 7). 


SUMMARY. 


1. Tests were made under known conditions to develop a method 
of detecting by chemical analysis the presence of residues of explo- 
sives in drill holes. ; 

2. The method so developed was applied to a set of unknown 
samples with satisfactory results. 

3. The success of the method depends considerably on the method 
of sampling. 

4. From the analysis conclusions may be drawn regarding the 
nature of the explosive fired and method of firing. 
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PUBLICATIONS ON COAL MINING. 


A limited supply of the following publications of the Bureau of 
Mines has been printed and is available for free distribution until 
the edition is exhausted. Requests for all publications can not be 
granted, and to insure equitable distribution applicants are requested 
to limit their selection to publications that may be of especial interest 
to them. Requests for publications should be addressed to the 
Director, Bureau of Mines. 

The Bureau of Mines issues a list showing all its publications 
available for free distribution as well as those obtainable only from 
the Superintendent of Documents, Government Printing Office, on 
payment of the price of printing. Interested persons should apply 
to the Director, Bureau of Mines, for a copy of the latest list. 


PUBLICATIONS AVAILABLE FOR FREE DISTRIBUTION. 


Butuetin 17. A primer on explosives for coal miners, by C. E. Munroe and Clarence 
Hall. 1911. 61 pp., 10 pls., 12 figs. 

Buu.etin 20. The explosibility of coal dust, by G. S. Rice, with chapters by 
J.C. W. Frazer, Axel Larsen, Frank Haas, and Carl Scholz. 1911. 204 pp., 14 pls., 
28 figs. = 

Buietin 42. The sampling and examination of mine gases and natural gas, by 
G. A. Burrell and F. M. Seibert. 1913. 116 pp., 2 pls., 23 figs. 

Butuetin 45, Sand available for filling mine workings in the Northern Anthracite 
Coal Basin of Pennsylvania, by N. H. Darton. 1912. 33 pp., 8 pls., 5 figs. 

Butuetin 46. An investigation of explosion-proof mine motors, by H. H. Clark. 
1912. 44 pp., 6 pls., 14 figs. 

BuLietin 48. The selection of explosives used in engineering and mining opera- 
tions, by Clarence Halland S. P. Howell. 1914. 50 pp., 3 pls., 7 figs. 

Butuetin 50. A laboratory study of the inflammability of coal dust, by J. C. W. 
Frazer, E. J. Hoffman, and L. A. Scholl, jr. 1913. 60 pp., 95 figs. 

BuL.Etrn 52. Ignition of mine gases by the filaments of incandescent electric lamps, 
by H. H. Clark and L. C. Ilsley. 1913. 31 pp., 6 pls., 2 figs. 

Buuuetin 56. First series of coal-dust explosion tests in the experimental mine, 
by G. 8. Rice, L. M. Jones, J. K. Clement, and W. L. Egy. 1913. 115 pp., 12 pls., 
28 figs. 

Bu etin 57. Safety and efficiency in mine tunnelling, by D. W. Brunton and 
J. A. Davis. 1914. 271 pp., 6 pls., 45 figs. 

Butietin 60. Hydraulic mine filling, its use in the Pennsylvania anthracite fields, 
a preliminary report, by Charles Enzian. 1913. 77 pp., 3 pls., 12 figs. 

BuLietin 62. National mine rescue and first aid conference, Pittsburgh, Pa., 
September 23-26, 1912, by H. M. Wilson. 1913. 74 pp. 

Bu.etin 68. Electric switches for use in gaseous mines, by I]. H. Clark and R. W. 
Crocker. 1913. 40 pp., 6 pls. 

Buuietin 74. Gasoline mine locomotives in relation to safety and health, by O. P, 
Hood and R. H. Kudlich, with a chapter on methods of analyzing exhaust gases, by 
G. A. Burrell. 1915. 64 pp., 3 pls., 27 figs. 

BuLuetin 90. Abstracts of current decisions on mines and mining, December, 
1913, to September, 1914, by J. W. Thompson. 1915. 176 pp. 

BULLETIN 93. Miners’ nystagmus, by F. L. Hoffman. 1916. 67 pp. 
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BuL.etin 99. Mine-ventilation stoppings, with especial reference to coal mines in 
Illinois, by R. Y. Williams. 1915. 30 pp., 4 pls., 4 figs. 
Buttetin 101. Abstracts of current decisions on mines and mining, October, 1914, 
to April, 1915, by J. W. Thompson. 1915. 138 pp. 
Bu.uetin 102. The inflammability of Illinois coal dusts, by J. K. Clement and 
L. A. Scholl, jr. 1916. 74 pp., 5 pls., 22 figs. 
Butuetin 105. Black damp in mines, by G. A. Burrell, I. W. Robertson, and G. G. 
Oberiell. 1916. 92 pp. 
Butuetin 118. Abstracts of current decisions on mines and mining, reported from 
October to December, 1915, by J. W. Thompson. 1916. 74 pp. 
Butuetin 126. Abstracts of current decisions on mines and mining, reported from 
January to April, 1916, by J. W. Thompson. 1916. 90 pp. 
ButieEtin 131. Approved electric lamps for miners, by H. H. Clark. 1917. 59pp., 
17 pls., 7 figs. 
Butuetin 137. The use of permissible explosives in the coal mines of Illinois, by 
J. R. Fleming and J. W. Koster. 1917. 110 pp., 8 pls., 17 figs. 
TECHNICAL Paper 2. The escape of gas from coal, by H. C. Porter and F’. K. Ovitz, 
1911. 14 pp., 1 fig. 
TECHNICAL PAPER 11. The use of mice and birds for detecting carbon monoxide 
after mine fires and explosions, by G. A. Burrell. 1912. 15 pp. 
TECHNICAL PaPEr 13. Gas analysis as an aid in fighting mine fires, by G. A. Burrell 
and I’. M. Seibert. 1912. 16 pp., 1 fig. 
TECHNICAL ParER 17. The effect of stemming on the efficiency of explosives, by 
me O. Snelling and Clarence Hall. 1912. 20 pp., 11 figs. 
TECHNICAL PareR 19. The factor of safety in mine electric installations, by H. T. 
Clark. 1912. 14 pp. 
TECHNICAL PaPEr 21. The prevention of mine explosions, report and recommenda- 
tions, by Victor Watteyne, Carl Meissner, and Arthur Desborough. 1912. 12 pp. 
TECHNICAL PaPER 23. Ignition of mine gas by miniature electric lamps with 
tungsten filaments, by H. H. Clark. 1912. 5 pp. 
TECHNICAL PAPER 28. Ignition of mine gas by standard incandescent lamps, by 
H. H. Clark. 1912. 6 pp. 
TECHNICAL PaPErR 43. The effect of inert gases on inflammable gaseous mixtures, 
by J. K. Clement. 1913. 24 pp.,1pl., 8 figs. 
TECHNICAL Parer 44. Safety electric switches for mines, by H. H. Clark. 1913. 
8 pp. 
TECHNICAL ParEr 62. Relative effects of carbon monoxide on small animals, by 
G. A. Burrell, F. M. Seibert, and I. W. Robertson. 1914. 23 pp. 
TECHNICAL ParEr 75. Permissible electric lamps for miners, by II. HI. Clark. 1914, 
21 pp., 8 figs. 
TECHNICAL Paper 82. Oxygen mine rescue apparatus and physiological effects on 
users, by Yandell Henderson and J. W. Paul. 1917. 102 pp., 5 pls., 6 figs. 
TrecHNIcaL ParEr 84. Methods of preventing and limiting explosions in coal mines, 
by G.S. Rice and L. M. Jones. 1915. 50 pp., 14 pls., 5 figs. 
TECHNICAL ParEr 100. Permissible explosives tested prior to March 1, 1915, by 
8. P. Howell. 1915. 16 pp. 
TECHNICAL Paper 103. Organizing and conducting safety work in mines, by HI. M. 
Wilson and J. R. Fleming. 1917. 57 pp., 35 figs. 
TECHNICAL Paper 108. Shot firing in coal mines by electricity controlled from the 
outside, by H. II. Clark, N. V. Breth, and C. M. Means. 1915. 36 pp. 
TECHNICAL Paper 112. The explosibility of acetylene, by G. A. Burrell and G. G. 
Oberfell. 1915. 15 pp. 
TECHNICAL Paper 119. The limits of inflammability of mixtures of methane and 
air, by G. A. Burrell and G. G. Oberfell. 1915. 30 pp., 4 figs. 


Google — 


PUBLICATIONS ON COAL MINING. 21 


TECHNICAL PAPER 121. Effects of temperature and pressure on the explosibility of 
methane-air mixtures, by G. A. Burrell and I. W. Robertson. 1916. 14 pp., 3 figs. 

TECHNICAL PAPER 122. Effects of oxygen deficiency on small animals and on men, 
by G. A. Burrell and G. G. Oberfell. 1915. 12 pp. 

TECHNICAL Paper 132. Underground latrines for mines, by J. H. White. 1916. 23 
pp., 2 pls., 7 figs. 

TrcHNIcAL PapPer 134. Explosibility of gases from mine fires, by G. A. Burrell and 
G. G. Oberfell. 1916. 31 pp., 1 fig. 

TrecHNIcAL Paper 138. Suggested safety rules for installing and using electrical 
equipment in bituminous coal mines, by H. H. Clark and C.M. Means. 1917. 36 pp. 

TrcHNICAL Paper 169. Permissible explosives tested prior to January 1, 1917, by 
S. P. Howell. 1917. 19 pp. 

TECHNICAL Paper 174. Suggestions for the safe operation of gasoline engines in 
mines, by R. H. Kudlich and Edwin Higgins. 1917. 19 pp., 3 figs. 

Miners’ Crrcutar 4. The use and care of mine-rescue breathing apparatus, by J. W. 
Paul. 1911. 24 pp., 5 figs. 

Miners’ Crrcutar 5. Electrical accidents in mines, their causes and prevention, 
by H. H. Clark, W. D. Roberts, L. ©. Ilsley, and H. F. Randolph. 1911. 10 pp., 3 
pls. 

Miners’ Crrcutar 7. Use and misuse of explosives in coal mining, by J. J. Rut- 
ledge, with a preface by J. A. Holmes. 1913. 52 pp., 8 figs. 

Miners’ Crrcunar 9. Accidents from falls of roof and coal, by G. S. Rice. 1912. 
16 pp. 

Miners’ CircutaR 10. Mine fires and how to fight them, by J. W. Paul. 1912. 14 
Pp. 

Miners’ Circutar 11. Accidents from mine cars and locomotives, by L. M. Jones. 
1902. 16 pp. 

Miners’ Crecurar 12. Use and care of miners’ safety lamps, by J. W. Paul. 1913, 
16 pp., 4 figs. 

Miners’ Circutar 13. Safety in tunneling, by JD. W. Brunton and J. A. Davis. 
1913. 19 pp. 

Miners’ Crrcutar 14. Gases found in coal mines, by G. A. Burrell and F. M. 
Seibert. 1913. 23 pp. 

Mivers’ Crecutar 16. Hints on coal-mine ventilation, by J. J. Rutledge. 1914. 
22 pp. 

Miners’ Crrcutar 18. Notes on miners’ carbide lamps, by J. W. Paul. 1915. 11 
pp. 
~ Miners’ Circutar 21. What a miner can do to prevent explosions of gas and of 
coal dust, by G. S. Rice. 1915. 24 pp. 

Miners’ Crrcurar 23. Elementary first aid for the miner, by W. A. Lynott and D. 
Harrington. 1916. 24 pp., 19 figs. 

Rescue and recovery operations in mines after fires and explosions, by J. W. Paul 
and H. M. Wolflin. 1916. 109 pp. 

Advanced first-aid instructions for miners, a report on standardization, by a com- 
mittee of surgeons: G. H. Halberstadt, A. F, Knoefel, W. A. Lynott, W.8 . Rountree, 
and M. J. Shields. 1917. 142 pp., 65 figs. 


PUBLICATIONS THAT MAY BE OBTAINED ONLY THROUGH THE SUPER- 
INTENDENT OF DOCUMENTS. 


BuLueTIN 10. The use of permissible explosives, by J. J. Rutledge and Clarence 
Hall. 1912. 34pp., 5 pls., 4 figs. 10 cents. 

BuLietin 25. Mining conditions under the city of Scranton, Pa., report and maps, 
by William Griffith and E. T. Connor, with a preface by J. A. Holmes and a chapter 
by N. H. Darton. 1912. 89 pp., 29 pls. 50 cents. 
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Buuuetin 26. Notes on explosive mine gases and dusts, with especial reference to 
explosions in the Monongah, Darr, and Naomi coal mines, by R. T. Chamberlin. 67 
pp., 1 fig. 10 cents. 

Butietin 44. First national mine-safety demonstration, Pittsburgh, Pa., October 
30 and 31, 1911, by H. M. Wilson and A. H. Fay, with a chapter on the explosion at 
the experimental mine, by G. S. Rice. 1912. 75 pp., 8 pls., 4 figs. 15 cents. 

Bu.etin 61. Abstracts of current decisions on mines and mining, October, 1912, 
to March, 1913, by J. W. Thompson. 1913. 82 pp. 10 cents. 

BuLuetin 72. Occurrence of explosive gases in coal mines, by N. H. Darbon. 1915. 
248 pp., 7 pls., 33 figs. 35 cents. 

Buuuetin 79. Abstracts of current decisions on mines and mining, March to De- 
cember, 1913, by J. W. Thompson. 1914. 140 pp. 20 cents. 

Buuvetin 82. International conference of mine experiment stations, Pittsburgh, 
Pa., September 14-21, 1912, compiled by G. S. Rice. 1914. 99 pp. 15 cents. 

Buietin 83. The humidity of mine air, with especial reference to coal mines in 
Tllinois, by R. Y. Williams. 1914. 69 pp., 2 pls., 7 figs. 10 cents. 

Buuetin 94. United States mining statutes annotated, by J. W. Thompson. 1915. 
1772 pp. In two parts, not sold separately. Cloth, $2.50 per set; paper, $2. 

Buiuetin 113. Abstracts of current decisions on mines and mining, reported from 
May to September, 1915, by J. W. Thompson. 1916. 124 pp. 15 cents. 

BuLietin 143. Abstracts of current decisions on mines and mining, reported from 
May to August, 1916, by J. W. Thompson. 1916. 72 pp. 10 cents. 

Bu ietin 147. Abstracts of current decisions on mines and mining, reported from 
September to December, 1916, by J. W. Thompson. 1917. 84 pp. 10 cents. 

BULLETIN 152. Abstracts of current decisions on mines and mining, reported from 
January to April, 1917, by J. W. Thompson. 1917. 79 pp. 10 cents. 

Buuietin 159. Abstracts of current decisions on mines and mining, reported from 
May to August, 1917, by J. W. Thompson. 1917, lll pp. 15 cents. 

TecHNIcAL Paper 14. Apparatus for gas-analysis laboratories at coal mines, by 
G. A. Burrelland F. M. Seibert. 1913. 24 pp., 7 figs. 5 cents. 

TECHNICAL Paper 24. Mine fires, a preliminary study, by G. S. Rice. 1912. 51 
pp., l fig. 5 cents. 

TecHNICAL Parser 29. Training with mine-rescue breathing apparatus, by J. W. 
Paul. 1912. 16 pp. 5 cents. 

TECHNICAL Paper 39. The inflammable gases in mine air, by G. A. Burrell and 
F. M. Seibert. 1913. 24 pp., 2 figs. 5 cents. 

TrcunicaL Parer 47. Portable electric mine lamps, by H. If. Clark. 1913. 8 pp. 
5 cents. 

TecHNICAL Paper 56. Notes on the prevention of gas and dust explosions in coal 
mines, by G. 8. Rice. 1913. 24 pp. 5 cents. 

TrecHNICAL Paper 67. Mine signboards, by Edwin Iliggins and Edward Steidle 
1913. 15 pp., l pl., 4 figs. 5 cents. 

TrcHNICAL Paper 77. Report of the Committee on Resuscitation from Mine Gases. 
by W. B. Cannon, G. W. Crile, Joseph Erlanger, Yandell Henderson, and S. J. Meltzer. 
1914. 35 pp., 4 figs. 5 cents. ; 

TrcunicaL Paper 101. Permissible explosion-proof electric motors for mines; con- 
ditions and requirements for test and approval, by H. Il. Clark. 1915. 14 pp., 2 pls., 
lfig. 5 cents. 

Miners’ Crrcutar 15. Rules for mine-rescue and first-aid field contests, by J. W. 
Paul. 19138. 12 pp. 5 cents. 
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